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Abstract:  

 

Global cotton production is greatly influenced by drought, which can cause yield losses of up to 58 

percent during critical growth stages. Improved drought tolerance in cotton varieties is important for 

agricultural productivity in water scarce areas. Previous studies have investigated physiological, 

morphological, and biochemical responses to drought but have little integration of these factors into 

predictive models for variety selection. To fill these gaps this study utilizes a multi-variate approach 

to assess the drought tolerance indices, namely Stress Tolerance Index (STI), and Mean 

Productivity (MP) across four cotton varieties in well watered and water deficit conditions. Using 

partial least squares regression, Pearson’s correlation and multiple linear regression, key 

physiological (stomata conductance), morphological (root to shoot ratio) and biochemical (proline 

and malondialdehyde) marker data were analyzed to identify control measures for plant biomass. 

Results indicated that STI was dependent on Δproline, Δmalondialdehyde and Δboll weight, and 

MP was strongly determined by Δchlorophyll a/b ratio, Δstomatal conductance and Δroot/shoot 

ratio. The developed predictive models had robust accuracy in explaining 95% and 89% of the 

variability of STI and MP, respectively. We identify these results as vital marker genes for drought 

tolerance and provide a cost effective strategy for early stage phenotyping in cotton breeding 

programs. The work advances theoretical knowledge as it helps understand the interaction between 

physiological and biochemical trait within the context of water stress. Future research should 

expand upon these models to include molecular level analyses and explore combination of abiotic 

stressors, in order to further increase the robustness and applicability of these models to various 

agroclimatic settings.  
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Introduction 

Water scarcity is an escalating global challenge, highly impacting agricultural productivity. Due to 

its importance as a commercial crop, cotton has high sensitivity to water deficit during the blooming 

stage, as reductions of up to 58% in yield are reported. In the rapidly dwindling water resources 

caused by climate change and unsustainable practices, causing cotton varieties to become more 

drought tolerant is a top priority in agricultural research. Knowledge of the physiological, 

morphological and biochemical response of cotton to water stress is essential towards developing 

high yielding and sustainable cultivars. 

Previous studies have identified other drought tolerance mechanisms, including osmotic regulation, 

antioxidant defences and root adaptation to water deficit, by which plants can survive in water 

deficit. For example, both the accumulation of proline and with malondialdehyde (MDA) attenuate 

oxidative stress and maintain cellular integrity under water limited stress conditions. Rates of 

chlorophyll stability and efficient stomatal conductance are equally important in maintaining 

photosynthetic activity. Nevertheless, there are still many knowledge gaps between the variables 

and their integration into prediction models for screening drought resistant types. In addition, 

previous research generally fails to utilize advanced multivariate analysis to quantify the combined 

impacts of these traits on drought tolerance indices. 

To fill these gaps, a comprehensive multivariate approach is used in this study to assess the 

relationship between drought tolerance indices such as Stress Tolerance Index (STI) and Mean 

Productivity (MP) to certain key physiological, morphological and biochemical markers in cotton. 

Partial least squares, Pearson’s correlation and multiple linear regression analysis were used to 

assess the variability of these markers under well watered and water deficit conditions, to identify 

key factors influencing these markers and to compare different time points of flowering. 

Predictive models with high accuracy are expected to be developed from the study and critical 

variables to drought tolerance are expected to be identified. These findings will allow for a robust 

early-stage phenotyping scheme that utilizes cost efficient and effective methods to select drought 

resistant cotton varieties. Additionally, the study simultaneously contributes to filling the 

knowledge gap between theoretical and practical knowledge by depicting how physiological and 

biochemical processes shape plant resilience to water stress. 

This research has the opportunity to incorporate these findings into breeding programs which will 

significantly improve the sustainability of cotton production in water scarce areas. Finally, this has 

implications for other areas of understanding the response of plants to abiotic stress, with wider 

potential application for enhanced crop improvement under changing climatic conditions. These 

results should serve as a starting point to future studies using molecular analysis and exploring the 

effects of multiple stressors to improve cotton drought tolerance strategies. 

Materials and Methods 

This research method applies integration of physiological, morphological and biochemical markers 

together with advanced statistical analyses to explore drought tolerance in cotton varieties and 

development of predictive models. Four cotton varieties were evaluated in well watered and water 

deficit conditions during the blooming stage. The experiment is performed using randomized block 

design with split plots for water regimes and varieties to ensure robust comparison. Response and 

adaptability of various key variables to varying water deficiency, such as leaf and root dry matter, 

stomatal conductance, proline and chlorophyll ratios, were measured. Analysis was conducted on 

calculated indices (including Stress Tolerance Index (STI), Mean Productivity (MP)) with them as 

variables, and predictors, using partial least squares, Pearson’s correlation, and multiple linear 

regression to analyze their relationship with the variables. The models predict 95% and 89% 

variability of STI and MP respectively and proline, chlorophyll ratios, and boll weight were 

important contributing factors. These findings provide a practical framework for cotton breeding 
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programs to increase selection efficiency within the least drought tolerant and most drought tolerant 

extremes of the cotton family, simultaneously improving both cotton resilience and productivity 

under water deficit conditions. 

Results and Discussion 

The study generated predictive models for the drought tolerance of cotton varieties combining 

physiological, morphological and biochemical variables. The Stress Tolerance Index (STI) and the 

Mean Productivity (MP) models showed good predictive accuracy: 95% and 89% respectively, in 

explaining variability. From the findings, it was found that Δproline, Δmalondialdehyde (ΔMDA), 

and Δboll weight were the critical contributors to STI while Δchlorophyll a/b ratio, Δstomatal 

conductance, and Δroot/shoot ratio had significant effect on MP. The physiological and biochemical 

mechanisms behind water deficit adaptation mean that these variables are excellent selection 

markers for drought-tolerant varieties. 

Proline plays a major role in osmotic regulation and antioxidative defense to moderate lipid 

peroxidation and preserve cellular stability and thus the Δproline content presumably must be the 

dominant factor. The Δ chlorophyll a/b ratio of the photosynthetic apparatus similarly expressed its 

structural integrity under water deficit, and similarly reflects the plant’s ability to maintain 

photosynthetic efficienc. The Δroot/shoot ratio indicated that root system plasticity resulted in 

improved water uptake and nutrient acquisition under stress. Taken together, these findings are 

consistent with previously reported information and are relevant in drought tolerance studies. 

However, some of these limitations warrant further investigation. Variability of response in 

different genotypes indicated some degree of 'Shart genes' not adequately explored. In addition, 

although the study is multivariate, the level of mechanistic understanding is limited by excluding 

molecular level analysis (e.g., gene expression profiles). New research expanding to incorporate 

omics technologies may help to reveal the breadth and nature of the molecular pathways involved in 

drought tolerance. 

These results have important practical implications for cotton breeding programs. Calibrated models 

provide a streamlined methodology for early stage phenotyping decreasing the time and cost 

involved in traditional selection schemes. Yet, the high destructive power of root characteristic 

evaluation immediately raises practical problems, as it obliges the development of non-invasive 

phenotyping tools. For example, the rapid assessment of root traits and chlorophyll content could be 

feasible by imaging technologies or remote sensing advances that did not affect the plant integrity. 

The study bridges important knowledge gaps from a theoretical point of view by identifying and 

quantifying the interactions between morphological, physiological and biochemical factors in 

controlling drought tolerance. Nevertheless, these inconsistencies in the contribution of Δproline 

indicate that further probing of the context dependent role of Δproline is necessary within the 

varieties. Finally, preliminary future work on the exploration is also suggested on the impact of 

environmental variables, e.g., soil composition and micro climatic conditions, on the predictive 

accuracy of the models. 

Further Research Directions 

The future studies should be further extended to validate the predictive models across different agro 

climatic regions and cotton genotypes to improve generalizability. Genomic and transcriptomic data 

integration can identify novel markers and pathways relevant to drought resilience. In addition to 

this, studies of how multiple stressors (heat and nutrient deficiency) function synergistically would 

yield a complete picture of how plants respond to stress. Along with practical research this should 

also center around high throughput, non invasive phenotyping techniques to truly make the results 

more applicable to large scale breeding programs. 
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The study concludes with a robust framework for selecting of drought tolerant cotton varieties for 

sustainable agriculture in water limited environments. But to make progress in the domain both 

theoretically and practically, we believe addressing the identified gaps through interdisciplinary 

approach will be critical. 

Conclusion 

The study concludes by developing predictive models of drought tolerance in cotton varieties that 

integrate physiological, morphological, and biochemical markers, with STI model achieving 95% 

accuracy, and the Mean Productivity (MP) model achieving 89% accuracy. STI key variables were 

identified as critical indicators including Δproline, Δmalondialdehyde, and Δboll weight; the 

Δchlorophyll a/b ratio, Δstomatal conductance, and Δroot/shoot ratio were influential for MP, and 

were potential indicators that should be considered when selecting a drought-resistant cotton 

variety. The results have important implications to improve cotton breeding programs by allowing 

for efficient early phenotyping and selection of drought resistant varieties promoting agricultural 

sustainability in areas of water limitation. The study, however, points to further work in the genetic 

underpinnings of drought tolerance, inclusion of molecular level analysis and development of non 

invasive phenotyping tools that will enable large scale application. Moreover, by expanding the 

research to several agro climatic conditions and the simultaneous effect of multiple stressors, there 

is a great potential to understand more comprehensively plant stress responses and make the 

predictive models more robust. 
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